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On the utilization of a high-current pulse discharge in proton
sources [In Ukrainian with summary in English], Ukr.fiz.zhur. 3
no,1:104~111 Ja-F '58. (MIRA 11:4)
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ST Lins On the Rational Utilization of the Magnetic Field 1n High-
-Frequency Sources of Protons (0 ratsional'nom ispol'zovanii

. narnitnogo polya v vysokochastornykh istochnikeakh protonov)

PERIODICAL: zhurnal Tekhnicheskoy Fiziki, 1958, Vol. 28, Hr 4, pv 272-

-880 (USsSR)

ABSTRACT : The influence of the magnetic field upon a high-frequocncy
discharge is investigated here and 1in this connection coc
conclusions on the rational utilization of the nngnetic field
in high~frequency sources of protons tor rractical purposes
are drawn. Of the three possible kinds of utilization of the
magnetic field in high-frequency sources that of the so-
-celled "transverse effect! of the magnetic ficld (references
1 3) is investigated. All facts given here refer to the
frequencies of 40-50 megacycles. It is shown that during the
influence of the transverse magnetic field upon a high-
-frequency discharge, which is excited by means of an
inductive connection, this field does not only promote the
introduction of the power into the domain of discharge. but
Dard /2 also leads to a much more effective utilization of this
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ABS0C LATION :

SUBLYTTRD

power. It 1s further shown that this relatively weak magnetic
field at the same time brings about an anisotropy in the
distribution of the density of the 1onizatiou current. The
1stter fact leads to the conclusions that the mutual position
of the corl causing the discharge, of the magnetic field and
¢7 the axis from which the ions are drawn out could be more
rationals This conclusion is confirmed by the experiments
with an ion source, It is shown that the use of a hetero-
ceneous end-magnetic-field is more expedient than the use of
2 homogonepus magnetic field. Some experimental data on the
influenze of the magnetic field upon the high-frequency
discharge are given. - Yu.5. Alpat'yev and Z2.P, Fedorus
rertieipeted in the measurements. There are 8 figures, 2
tohlos. and 7 veferences, 2 of which are Soviet.

Institut fiziki Al USUR, Kiyev (Kiyev, Institute for Physics,
A5 Ukrainian SSR)
Deccnber 14. 1956

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000513920017-3"



CIA-RDP86-00513R000513920017-3

03/13/2001

"APPROVED FOR RELEASE

raslh

EREFE

S N A ES G S BN P REAS RS SRR RS PR S T

s gmoBavyostg nswdg 30 suvel L@ seamiviedem

‘r YITH IO uOIIINPOAd, - aoxTotwer—ad N pPue v

“ seevy 3283 JO eseudsowiy uUv ¥y e2swyne¥a

sej3aedo swog, - ‘TV 3I® AOXYTTNOTOX KA

orv om 38 | - © DS XL T ] ‘n".-.vh_. .

0¥ usTosphky JUINIETOM SHI JO UOTINITIXY U3 O3 uyprey
rucTeITION WOII0ETY JO sIYIeuTY eui, - (Puviivy) swwr—~g7

1 vusvld STIVHONTID-E¥D ¥ WY seul] twajsedg Jo 3137ug 43 pue

Suyuepwosg eul, - EWITTYPUYR TI'g puv YATEVK YN

e yESTI4 uUT eeUTY Teaavedg

eg3 3o Sujuepwoag RAIviIg ouy 3O Kaoenuy h.-(.ﬂWMPI:uNulOI Ya

wo geded w pesa WASTGFUKVA V-3 pue owm,Téqdg {2

A casan] WOYIWIPVI oQY 3® lHMa- 30

voy3wiawesuos @Q3 JUTUTEISIEP JOJ FPOYISE IWETXOS v eus
peaspywuos ONUSTASA SV'g PUY TWEISAIg ‘K°T Aq aedwd euy

: -(rvwsmef o4y 3o (LTI & soF) LPI°I4

i oy3euley ¥ Ul SUOXIWITIOEO uoz3e 13 YiTa oBrwyssjq @

30 seyyaadoad, - oXTeA¥I¥N -31°0 PU¥ oYU P PRFALSY

*goiury WNBOVY woy3wETROY
oy3oufwy v uy puw dwmg uey vV WY s¥zeys * 0 _®0]3W®
~3930vawq) swog, - TISPEIQNIFE ‘W°3 PUV wAPXSIFEITRG °A°D
g emSTIg PO ITIIUS DT ATqSTR Iwruiviqo

. - s 1PTF 2 pue ASUWEESE DA
30 Ai3rIQTeEcd eul, = o A luera pet3rivy Ul
woswousuld ®wog, - GAGSQSIVEAVE “4°A Pue acuedeig *D°A

. *,#33WYss3Q *S°P W UT sopwn,

Krww © HOTINQTINNTGL~ VASXGAIVN °V°N

saeul Jo we mIXYN I8 3 - “t r ous
3° 10{T 9 wes) sIawvydeiqg #vD ¢ 3o spouy sg3 woe ejodg

19237 jo uorawmiog, ~"PTIYIIVATIN ks puv CRTIOION R o

+o#PpOIIeTY SWY 3O TvIIeIEN e§3 wo elswydelg .
esTNd ¥ Jo WOTTey SPOIIDE-INOY OSN3} w3 agnivaedwey g3
30 souspusdeq, ~ HSTAPUSVIAON *D°I PUV ACYUTISWN °3°S
. TMOTINITTONQ VWevd JYTTT-UOK 30 Rroeql eui, PWF o{Fopwiwd
JYnuIue] en3) wEEw(d Ul STOFINITIOED SN, 1° ﬂe.—ulwuwa-lv-a
303 seyoyisve pedavyy £q 3eo] AFieug, - UIFAGIUVWEIX TN
| K¢ JUVTUOSey wRsETd PUV SUOTIVIITOSD YESVI JO me13wy

_ s3upIe33vsg snOTVROUY, - NTTIIINL -1 vn......lnu!u oﬂnﬂ
usTIvajuRENO) ITeYy uUO wuol sajivlex eu3 jo |ETIWTTYTUEY
- eyy Jo sesgenoid oyl 30 sousnIIVY, ~ aoxafaoY VAR
«a®wiSey uoTERIIIQ ® WY

& eRswyowyg ¥ 30 UWN(on GATITEOL #TI, - “Tv 30 TeTex ‘N B A

“ i .t!.mﬂ--o.‘ hhlhudnuuu
R - ue3vy TR puw A
x03 meqoid 3o K3oeuy *ul, .-dl:uvu say3ysod

m peaviIIp ¥ 30 SaniEg eug - acsvdeopeg °A°Y*{Twvwnol euy

30 90T ear) LoEeIITG  de  Cere T
Tae L a4
.hua””””“b UMIunnloowon pue voyIWONDY JousTH Jo AnsyTumm
=X *R3 ‘NESACOE OV ou3 L3 prsTuYIIOC A -
' £2) gSEY - 6€
C g IN *y TOA ‘6561 .nxd.o..u._umM B cm,_dn...ouoaq- tTVOICOTM
. #OTHOIIDO TH
svp 8O B3USILITWOY woyup~11V pucdeg eyl we axodey
*p % loxueIeaTE
‘ywaydg ....w.m taoued, XM *e1°a ‘ATAmacuvsy  IEHORLAV
c/cT-g-y-60t/a08 oCITEAE
Wi

godsuvaeguos euy 130vHISOY

1FIIT

puv *A‘D

3

CIA-RDP86-00513R000513920017-3"

03/13/2001

APPROVED FOR RELEASE



"APPROVED FOR RELEASE: 03/13/2001

Ty T W e e e e = e

CIA-RDP86-00513R000513920017-3

- - S e [ LitEe SPEL S B

21(7) . S0V/56-36-4-10/70
AUTHORS: Gabovich, M. D., Pasechnik; L. L.
TITLE: The Anomalous Scattering of Electrons and the Excitation of

Plasma Oscillations (Anomal'noye rasseyaniye elektronov i
vozbuzhdeniye plazmennykh kolebaniy)

PERIODICAL: Zzhurnal eksperimentaltnoy i teoreticheskoy fiziki, 1959,
Vol 36, Nr 4, pp 1025-1033 (USSR)

ABSTRACT: In the introduction, several papers dealing with this subject
are discussed (Refs 1-11). The object of the present paper was
the investigation of interaction between the electron beam and
a plasma formed independently. The experimental arrangement
(Fig 1) consisted essentially of a glasstube and an attached
piece containing a probe. By means of a liquid mercury cathode
and a special anode system a plasma was produced along the tube
in the mercury vapor, the density of which amounted to

3

1.109 - 1.5.10”cmm3 (mercury vapor pressure p =1.10 ° torr).

An oxide cathode served as electron source. First, the charac-
teristic at various (small) currents I_ of the electron beam

Card 1/4 was investigated; figure 2 shows the dependence of the collector
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sov/56-36-4-10/70
The Anomalous Scattering of Electronsand the Excitation of Plasma Oscillaticns

current on the grid voitage on the analyzer probe (8 curves for
Ie‘ values of 0.05 -~ 13 ma with an anode current of 0.5 &,

E = 50v, 1 = 50 mm). Plasma concentration was n = 1.6.10’0.

The conclusions drawn from the course of the curves and the
phenomena of anomalous scattering are discussed (The phenomenon
which was first observed by Langmuir (Ref 1), consists in prin-
ciple in the fact that electrons which have penetrated the
plasma partly have high velocities). Figure 3 shows the de-
pendence of the relative quantity of anomalously fast electrons
on the position of the probe (again for different Iemvalues).

The problem of the limiting current is discussed and iliustrated
by a table for different types of cathodes and different ancde
currents and plasma densities I,. and j,., . The following

lim 1lim
chapter discusses excitation and extinguishing of plasma cs-
cillations occurring as a results of interaction between the
electron beam and the plasma. Figure 4 shows the spatial course
of oscillation intensities at various Ie-values and constant

Card 2/4 I, = 10 ma, E = 40v. Figure 5 shows oscillation intensity
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distribution at various Ia-values and constant Ie = 13.5 ma.

Figure 6 shows the dependence of wave length and oscillation
intensity on Ia and figure 7 finally shows the radial intensity

distribution of oscillations in the electron beam penetrating
the plasma for various Ia-values. In the following, the influ-

ence exercised by an external magnetic field oriented parallel
to the electron beam is discussed in short. Figure 8 shows the
dependence. of the position of the oscillation zone and of the
scattering zone on the wave length of the observed electro-
magnetisc oscillations (1 increases linearly with A); figure 9
shows the dependence of the position of the scattering zone on
Aat 2 electron energies, E = 41 and 28 v. 1 also grows linear-
ly with A, the ourve for greater E is somewhat steeper. Figurei0
shows the same for A-values corresponding to a certain plasma
concentration. A discussion of the results obtained shows that
the effects observed may be explained qualitatively by the

fact that electrons are assumed to gather in clusters and that

Card 3/4 these clusters coherently interact with the plasma. The
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The Anomalous Scattering of Electrons and the Excitation of Plasma Oscillations

authors finally thank N. D. Morgulis for discussing resuits.
There are 10 figures, 1 table, and *'5 references, 4 of which

are Soviet.

ASSOCIATION: Institut fiziki Akademii nauk Ukrainskby SSR (Physics Institute
of the Academy of Sciences, Ukrainskaya SSR)

SUBMITTED: QOctober 10, 1958
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AUTHORS!1

it
Tlos :

sovV/57-30-3-13/15

TITLE:
PERIODICAL!

ABSTRACT:

Gabovich, M. D,, Bartnovskly, 0. A., Fedorus, Z. P.

- Sag of the Potential on the Axis of a Discharge at

Electron Oscillation in 2 Magnetic Fileld

Zhurnal tekhnicheskoy fiziki, 1960, Vol 30, Nr 3,
pp 345-350 (USSR)

Kistemaker and Sueider (Physica, 19, 950, 1953) showed
experimentally that 1n a discharge with electron
osclllations in magnetic field potentlal on the axis

of' discharge may be considerably smaller than potential
of anode. In the present paper the authors investi-
gate causes for such a poten'tlal sag and examine condi-
tlions favoring effect, Flgure 1 shows the diagram of
experimental setup and measuring circuitry. In addi-
tion to cathode X and anode A, there are two reflectors

Ol and O2 at the potentilal of the cathode of negative
wlth respect to 1t. The cathods was either of tantalum,

Card 1/11

indirectly heated by bombardment of electrons originat-
ing on ¥ or a directly-heated tungsten cathode. The
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Sag of the Potential on the Axis of a 77847 _
Discharge at Electron Oscillation in = S0V/57~35-3-13/15
Magnetic Field '

whole 35 mm length of the system was in an uniform longi-~
tudinal magnetiec field H variable 0-4,000 oersted.
The behavlor of anode current Ia‘ probe current Ipv

(at -80 v with respect to anode) and nolse intensity
in probe curcuit In as functiens of magnetic fleld are

presented in Fig. 2. For IH =1, H X500 oersted. U8

was 300 v with respect to the cathode. The authors
prove irregularities of the Ia curve are unambiguously

related to noilse intensity. They explain these
irregularities by formation of a fundamental discharge
column caused by axial osciliations ‘of primary elec-
trong in the raising magnetic fleld. At a certain
optimun value of IH the field starts substantially pre-

venting plasma electrons from reaching the anode and

produces a potential "groove." 1Its radial electrical

field, in turn, facilitates motion of electrons toward
Card 2/11 the anode which was hampered by the presence of
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Sag of the Potentlal on the Axls of 4 TTEST
Discharze at Electron Osclllation in o 307/57-30-3-13/15
Magnetiec Fleld

magnetic field. Further increase of H produces an
unstable discharge, causing the mentioned irregularities
and nolses, The probe current changes sign because of
an increasing number o° brimary electrons reaching 1t
and a decrease of potential of paraxial plasma,

: Further Increase of the magnetic fielq finally takes

: over and decreases the anode current until discharge

is apparently completely halted. To measure potential
inside the plasma the authors developed a special
thermal probe consisting of 2 tungsten disc 1 mm diam
and 0.05 mm thick on a tungsten wire inside an insulat-
ing quartz tube, By a relay M (see Fig. 1) probe P

1s raised to a potential Uy during a time interval T° 1

The electron current bombarding the brobe ecan heat 1t
sufficiently to produce an appreciable electron emission,
During the second half of the cycle “T” , probe 1s at

o

potential Ué and, 1f the heating effect 1s now lower
Card 5/11 = than breviously, emission will decrease., Now, 1in the

_3"
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Magnetic Fleld :

case of Ub being lower than plasma potential, decrease

of emlssion is accompanied by a decrease of probe
current whille in Up2> U plasma current changes sign and

remaing constant in time. The authors changed probe
potential 20 times per second, observed curren: pattern
on an oscllloscope, and registered plasma potential from
those readings of the Ub voltmeter at which the decaying

current pattern on the oscilloscope screen switched to
the rectangular one. Results for measured potential
Ué and plasma potential on dlscharge axis Un are shown

In Fig. 6 as a function of magnetization current I

and dlam of the anode. Analysis of results showed
. = - 8 a linear function of the square of ;..
2& U Ué Un 1 11 I t1 f th )

anode diam:

H

Card 6/11
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Card 7/11 (4) da = 1.8 em (5) da = 1.0 em
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Discharge at Eleetron Osc¢illation in a 50?/57~30~3~13/15
Magnetic #ielq

The authors discovered that radlal potential drop 1s
almost completely located outside the axial plasma of
diam equal to dianm of the cathode. They note, however,
all measurements mentioned above were done in the
presence of a berturbation caused by the presence of
the probe. They circumvent this obJectionable situation
by developing a Specilal setup consisting of a rrig
aCross an ¢ = 8 mm opening on the reflector Q.

followed by another analyzer grid and a collector,
Distribution of potentials 13 shown on the right in
I'ig., 8. The authors assumed there wonuld be an apprec-
lable ion current on the collector only when potential
of analyzer grid Uc is equal op smaller than potential

of plasma_Un. Using these values they constructed the

curves 1in Flg. 8 for an anode 2.7 em diam, Extrapolat =i

potential values 1in the manner Indicated In Fir, 8 thepn

vlelded points marked by hollow clrecles in Flg, 6. 5.
Card 8/11 agreement between the tuwo methods 1s apparently very i uod.
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Sag of the Potential on the Az ’
. - ¢ Azls of a i
Discharge at Electron Oscillatlon in a Qgﬁﬁzq
Magnetic Field wUV/57~30~3-13/15

The a '3 5 <

stqugtgoi; finally did some theoretical calculations
varting from the equation of radlal electron current

denglty ) o en

D on _ Do it

ST DT g (1)

and the continuity equation

Qe ) d= 4 .
dr e ('))

s inee P
Assuming n_ to be consbant, they obtalned a theoretlon
£t

aoregsslon for AU In volts
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Magnetic Fleld

AU =107 f{@)de,

which for H e 1,500 oersted ang

~ 240 v versus the experimentally measuged
note relationship U = £{ )

The authorsg

value A U are
The

in faip 5

D. Bohm,
in Magnetic Flelds.
ASSOCIATION; None given

SUBMITTED: April 18, 1959

greement with
strong radial flelds
to a decreage or electron
There are 8 figures; and 6
Duteh, 1 German, and 1 U.S.

S0V/57-30-3-13/15

(5)

d, =4 cm y1lelds A y

value 180 v,

R da as well asg

the experiment,
up to 100 v/em are connected

diffusion towards the anode.

references,
The U.S

3 Soviet, 1
+ reference igi

The Characteristics of Electrical Discharges
N. Y. 1949,

Card 11/11
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AUTHOR} Gabovich, M. D,
TITLE: Role of Multiple Procesges in Proton Formation in Ton
Sourceg

FERIODICAL: Zhurnal tekhnicheskoy fizlki, 1960, Vo1l 30, Nr 3, PP
354-358 (USSR)

ABSTRACT: At the present time 1t 1s possible to obtain ion beams
with a large proton content fprop appropriately con-
structed ion Sources. The proton broduction mechanism
1s, however, in most cases unexplained except that
experimental dats indicate direct (single) processes
during electron-molecule collision cannot represent an
effective mechanism of proton creatlion. The author
aSsumes a large proton content 1s connected to multiple
processes of electron collisions with heavy particles
and consliders gsome of the possibilltieg Logether with
txperimental data in favor of such a point of view.

Card 1/9 He investigates the‘following possiblilities;

CIA-RDP86-00513R000513920017-3"

APPROVED FOR RELEASE: 03/13/2001



- -00513R000513920017-3
"APPROVED FOR RELEASE: 03/13/ 20701 o CIA R DPSGWWWWWMEW I —
Role of Multiple Processes in Proton 77848
Formation in Ton Sources SOV/57-30-3-1A/15

a) Hy-t-e s H, . H,, b) H, ¢ HF,
a) H,-t-e~H/, b) 1, ""}1:"‘}h-

) Hyres HY,  p e liam, o Hiveos '

The author assumes also:(l) 543 pressure and degree of
lonizatlon are low, particle free baths are larger than
size of the container, and gradients of particle con-
centrations are neglipibly small; (2) recombination of
atomic hydrogen occurs only on the walls andg repregents
an effect of the fipst order: the nuaber of recombined
atoms is proportional to the product of the flow of
atoms toward the walls and the coefficient of recombin- -
tion. The ratios of the numbers of obtained protons
and molecular ions are Chen given by:

for process 1 Vo= Shmhﬁ'
Con v Mo
Card 2/9 _ L v, {
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,l__,___._"_n;‘ -’J-’ssu,'
for process 2 ECIL TR @
99 H,
Y _ 8RFm, "u?
for process 3 #f=‘372:'“'5»1:“ [I'u )
1T oy )
Here n_, n
card 3/ o ”;, and Ny, are respective concentration of

o IR
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e, H+, and H,; V', 1s mean velocity of atoms,
2 2 ) |
V/” diss, y. represents the integral
R

Jodissucf(c)de,

with &9 diss. Hé as electron collisipn dissociation

¢ross-section of molecules, and f(c) as velocity dis-
tribution function for electrons. F represents ratio
of integrals corresponding to atomic and molecular
lonization. In low lonization, as in the plasma of 3
stationary hf 1on source with moderate generator pover,
the dominant production mode is (1). The author com-
putes the process using the ¢, diss. y. value by Massey
TR

Card 4/9 and Mohr. (Proc. Roy, See., A, 135, 358, 1932), assumes

17-3"
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f(C) to be Maxwell Fin, and obila Ins
B0 8 D kT f
TR g DEU o _ X
(U= (1 - 0.3 talem/see] (8, Nary) l“‘\v'l"' [male w’]. (7

O B TS :)
whepre A2 18 plven by

'l1~->: ill{
Ter % jyua-e Jaa

J 18 current dengiti.
.:.'k °nt densities corvesponding to Lons it it
U35 VoIs volume of the souree: o 1o
> 8 SO O 1g A T a e oz
] Slass surfuaco;

Y o r v, Y )
.52 is surface of metallic paria: 'y and
FAVLES Tsoand v oare correg-

o

onding coeflficient . !
bor Z coelflelenty of recombination; of3 (p ) is
] . - . 2, R
certain tabulaked functions slowly V'*z",‘i“,_ 1@” ;

: - Aldng with g

s
I

5

1
T -

in the intepy;
10£’ OF CP,"‘(&T:BMGP conslderation (fop o - 510

Card 5/9 1- variegs )
varies from 0.5-0.67). “According
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to Eq., (T) B should bhe proportional to the total 1ion
current density., To cheek the expression, the author
established a hg Me /s dlschargs ot variable Intensity
Inslde a spherical pyrex tubo, Using two electrede
proles (Al and Mo) and a misy analyzer deseribed elge-
where (M. D. Gabovich, PTE, 2, 88, 1956), the authoer
measured composition of the Ton beam and oblained Lhe
clve tn Pl 1 owhileh 1y Indeed linear. Performine
awglllary expoeriments with and without » tungsten aplral
inslde the dlscharee tube, the suthor 25bablished the
ratio rp/rl s I the Timita 4o— rm/rlff 30. Taking

=l y
ry =1.6"10 Fofrom the woric of Poocle (Proc. Roy. Soc.,
103, hoh, 1937) the author found r, to be sienificantly
smaller than 1 go he could neploct the term 3 v, in

<

[
lq. (T). Computinge Lhen theoretlcally he rot a value
for B/J+ = 0.y, Comparing this valus . {ih the experl-

mental value of 0.4¢, ho conclhwled Lhe agsumption about
Card 6/9 the paramount importaneo of the procese (1) was rifht,

R
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Card 7/9 Fig. 1.
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The author further concluded to obtain a value of /A3
A= 80%, which was regched in the pyrex tube exbgri-
ment with J, 10 ma/em<, one would need 1-10 a/ecm< 1if

the tube were metal because of strong recombination on
walls., This agrees with experimental results of
Gabovich and others (UFz, 3, 104, 1958); although

there, in view of a larger degree of lonization, compet -~
ing processes could have blayed an important role, 1In
the case of proton broduction by a metallic capillary
are, the proton content ig limlted by the smalil value

of the effective radius of the chamber Ropp 22 V/S 1n

Eq. (7). Competing with the above electron collision
processes 1in the proton production are collision pro-
cegses between heavy particles., The widespread belief
that thz latter processes are characterized with a Iar;-:
Cross-gectlion are not experimentally verified in the
electron~volt energy region. The author also notes
precisez mags-spectrometric results of Damirkhanov

(M. Ardenne. Tabellen der Elektronenephysik, Jonen-
physik u. Ubermikroskopie, (Tables or the Physics of
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. P BNV E S A
r};ltrunu, Ions, and Ultra-Micros ropes) Berlin Il
ij, 19506) who showed that in a plasm=trcn. aiﬂﬁg’w**h
;ast protnng caused by process ( e finds ;léw é;f~
tong because of the dis-hhchLLi(n crour Hownver ;;
k i x it

}

the coefficient of recombination iz o i) © L I g

t ’ 1 15 smaller than 1, th

¢w protons could also be caused by at:ms that, bty tr
wime they become ionized, lose most of dissoci %ion
eénergy in ccllision with the walls nere are 2 .

figures; and 16 references, 4 Sov 1~r, 1 German,‘S U.K.

and 6 U,S. The recent U.K, and U.3. preferences are-

B. J. Wocd, H. Wise. J. Chem. Ph 2¢ 4ir 95
, . dJd. n. yS., 29, lait, [958,
L. A, Fdelstein, Nature, 182, 932, 1353, F, v.ji ash

E;/;& Gevé, 1123415§ﬁ é9)8 6h Bauﬁr Ta-You Wu.
r.ad J, Res., 3 195 E. H. Kerne vs
SR IR oy , 195 H. K r. Pnys.

ASoc DAL 0N, fnx,itlrc of' Physics AS UkrSR; Kiyev (Institu“ filzili
AN 3SR, Riyev) o

Marcn 8%, 1957
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24.2120

AUTHORS : Gabovich, M. D., Pasechnik, L. L., Yazeva, V, G.

: \ \
TITLE: Detection of Ion Oscillationa1in a Plasma s
PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960,

Vol. 38, No. 5, pp. 1430-1433

TEXT: 1Ion oscillations with a limiting frequency of fo = Vnez/nM have L></

been known for electron beams with compensated space charge, but they had
not yet been found in the plasma of a gas discharge. It is shown in the
present work that it is possible to make a direct determination of gelf-
sustaining ion oscillations in the plasma of a gas discharge. The ex-
perimental apparatus consists of a discharge tube in which there is an arc
discharge in mercury vapor; the charge concentration in the plasma can be
varied by varying the discharge current. There are two probes in the plasma,
one fixed and the other movable. The distance betwesn them could be altered
from O to 15 mm. The arrangement for the detection of ion oscillations is
degcribed in brief. Essentially, it consists of a preamplifier, a super-
heterodyne anplifier of the type UM-12M (IP-12M), a special three stage
Card 1/3 Fi4
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narrow-band amplifier, and a tube voltmetar.»The sensitivity of the ampli-

fying arrangement can reach ~2-10-8 The results of Déasurement are shown
in Fig. 2: with increasing discharge current I, the voltage Uout at the

output of the amplifier system increases, passes through g maximum, and then
falls steeply, The position and the height of the signal peaks in the
Uout(I) diagram depend on the frequency f of the amplifier. Fig. 2 shows

the characteristics for f = 1.6, 2, and'2.4 Mc/sec. Fig. 3 shows the de-
pendence of the resonance currents on the potential of the probes for

-values between 1.6 ang 2.6 Mc/sec. Ires increases linearly with Uprobe’

and the greater f the greater is the 8lope of this straight line. (Ir i

the I-valye torresponding to the peak of Uout)' The followi relat:iogs’(2;J
holds for the frequency of the ion oscillations: f = fo/VHnezAZ/nkTe ,
where A ig the vavelength, With this, the charge density in the plasma i
n = fz/(ez/nmf - 921‘2/\2/nk'1‘e); (nexp ~ 1010 cm‘S). It may be assumed thaz)(
the probe selectively indicates ogcillations with g wavelength that is
Card 2/3
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approximately equal to the radius of the ion layer surrounding the probe.
Since the radius of the ion layer surrounding the probe increases with
increasing potential of the probe, n and Irea must inorease not only with

T but also with negative potential Uprobe of the probe. Thig ig actually
found to be 30 experimentally., It is also found that Az < kTe/Mfg. As a
practical example (corresponding to the experimental conditions), one has

Amax = 6.4"!()'2 cm with '1‘e = 3.8'104 OK and f = 2'106 ¢ps. Such a thick-

ness of the ion layer (~a2 ) fairly agrees with the experimental results,
By extrapolating the curves shown in Fig. 3 for a zero potential of the
probe, n, and Io reg D4y be obtained; and also here theory and experiment

agree satisfactorily (Fig. 4). 1t has, thus, been possible to detect by
these experiments the oscillations of ions and to verify formula (2)
qualitatively, v, p. Rutgayzer and X. I. Kononenko are mentioned, There are
4 figures and § references: 1 Soviet, 4 US, and 1 Irish.

SUBMITTED: Novamber 23, 1959
Card 3/3
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7.2568 ~/ 10 9/61/006/001/023/023
G 4220 E140/E163
AUTHOR: Gabovich, M.D.

TITLE On the mechanism of exciting electron plasma
oscillations

PERIODICAL: Radiotekhnika i elektronika, Vol.6, No.1l, 1961,
pp. 178-179
TEXT In this letter the author discusses the conflicting

"opinions concerning the significance of Merill and Webb's (Ref, 1)
fundamental experiments. The author expresses the opinion that

only the klystron model of excitation of oscillations is capable
of explaining all the known facts,
There are 23 references: 11 Soviet and 12 English,

ASSOCIATINN: Institut fiziki, AN USSR
(Physics Institute, AS Ukr.SSR)

SUBMITTED: April 21, 1960

Card 1/1
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20,233y
AUTHORS ¢ Gabovych, M.D. and Romanyuk, L.I.
k————-——"“‘——\_
TITLE: Plasma e jection by electrodeless pulse-discharge
in a vacuun
PERIODICAL: Ukrayins'kyy fizychnyy zhurnal, v. 6, no. 4, 1961,

461-466

TEXT: Experiments are described with bursts of plasma in a narrow
channel. Fig. 1 shows the experimental setup used. In glass tube

1 a discharge takcz place at a pressure of 4°10-< mmilg in region 1,

and of below 1¢10~%* mmlg in region 5. The current related to the
Plasma-bursts was measured by moving electrode 6. Uscillograms

were taken of the voltage drop across resistor 3 (which is part of

the same circuit as 6). Oscillograms are shown of the current in
circuit 6 at various voltages of the capacitor battery. The same
figures show a plot of the time-derivatives of the exciting field-
strength H.  aAnother figure shows the dependence of the clectron JK

Card 1/3
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and ion strecams on the voltage U of the electrode 6. From the os-
cillograms it follows that the potential of the plasma with respect
to clectrode 6 is a periodic function of time. It turned out that
the elcctron andion pulses were shifted by a half-period. The rea-
son for this could be the changing longitudinal electric polariza-
tion of the plasma. In the above experiments, the voltage of elec-
trode 6 was given with respect ot plate 4, made of metal. Further
experiments were carried out, in which the voltage was given with
respect to reference electrode 3, made of glass. In this case,

the maximum ion-stream density at the outflow from the channel was
well above 100 amp/cm2. The velocity of the plasma was estimated
by the magnitude of the time-shift of the pulsc fronts related to
the displacements of electrode 6. The velocity was found to be
aporoximately 8100 cm/sec., correspouding to a proton energy of
nearly 30 eV¥. The charge concentration was found to be approximate-
ly 1.101% en-3. ‘“here are 6 figures and 6 references: 5 Soviet-
bloc and 1 non-Soviet-bloc.

ASSCCIATION: Instytut fizyky All USSR, m. Kyyiv (Physics Insti-
Card 2/3
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SUBMITTED: January 1, 1961
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Gard 3/3 Fig. 1
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5/057/61/¢31/001/013/017
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AUTHORS : Gabovich, M. D., Pasechnik, L. L., and Romanyuk, L. I.

TITLE: The boundary of a penetrating plasma and plasma focusing
PERIODICAL: Zhurnal tekhnicheskoy fiziki, v. 31, ﬁo. ', 1961, 87-93

TEXT: The authors describe a probing method for determining the boundary
of a penetrating plasma. The experimental arrangement shown in Fig. 1 con-
sists of e pulsed ion source with electron oscillations in a magnetic
field. Tte discharge current attains 40 &, the ion pulses have a rect-
angular shape, the pulse repetition frequency is 50 c¢ps, and the magnetic
field strength is about 300 oergteds. The discharges were produced in
hydrogen at a pressure of 510”7 pm Hg. The plasma coming from the source
passes through an opening in an electrode (9), and reaches a lens con- 4
sieting of two cylinders (10) and (11) (inner diameter of the cylinder:

120 mm3 L = 120 mmy distance AL: 20 mm). Electrode (11) has a negative
potential of U0 = 50 kv relative to electrode (10). A bveam catcher

prevents secondary electron emission from electrode (11). Probes (7) and
(8) co;ld be shifted. The signal coming from the probes was amplified
Card 1/ 7
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end fed into a peak generator. The output signal of thisg peék generator
was conveyed to a recorder, whereby the spatial distribution of the probe
current could be recorded. From the axial and radial distributionsof the
plasma parameters near the opening, which are shown in Figs. 4 and 5

it follows that an increase of the negative potential of electrode (11)
up to U° = 30 kv produces no effect upon the distribution of the plasma

parameters. At a greater distance from the opening, determination of the
plasma parameters is more difficult. The authors confined themselves to
determining the plasma boundary, and, for this purpose, they applied a
potential of 100 v to the probe relative to electrodes (5) and (9); the
probe current was automatically recorded. In this way, a plasma boundary
could be clearly determined, This boundary is at a distance of about
10-15 mm frrom the opening and manifests itself in a change in the drop
of the probe current. Up to approximately 10 mm, the probe current drops
exponentially; at larger distances a greater drop occurs (Fig., 6). In
this way, it is possible to determine the rlasma boundaries for various
conditions., As may be seen from a close study of the plasma boundaries,
the shape and position of the plasma boundary chénge with a change in
Uo’ which is equal to a change ip the focusing préperties of the system.
>

Card 2/ 7
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If the plasma boundaries are simulated with metal electrodes of correspond-
ing configuration, it is possible, conditiong being suitadble, to construct
the ion trajectories (Fig. 9). From this figure it may be seen that by
increasing the potential ang extending the plasma boundary, the ion current
focused iy the beam catcher may be increased. Flg. 10 graphically repre-
sents the experiméntal dependence of the ion current on the potential

1 Uo' There are 12 figures, 1 table, and 7 references: 4 Soviet-bloc and

2 non-Soviet~bloe.

ASSOCIATION: Ingtitut f£igiky Ay USSR Kiyev
(Institute of Physics AS UkrSSR, Kiyev)

SUBMITTED: June 1, 1960
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6. 20,2/
AUTHORS: q§92!£ggl‘¥j“Dr and Romanyuk, L. I.
TITLE: Effect of a magnetic field on the shape of the boundary of

a penetrating plasma and on plasma focusing
PKXRIODICAL: Zhurnal tekhnicheskoy fiziki, v. 31, no. 3, 1961, 315320

TEXT: The authors demonstrate that a magnetic field may considerably
influence the shape of the boundary of a penetrating plasma. According
to the configuration of the boundary concerned the magnetic field may
improve or imjalr plasma focusing. The development of new methods of
controlling tae shape of the plasma boundary is of concern. The apparatus
used for thes3s experiments has been described already by M. D. Gabovich,
L. L. Pasechnlk, L. 1. Romanyuk, (ZhTF, 31, 87, 1961). It is illustrated a<
once again in Fig. 1. Like in earlier studies the authors used a pulsed
ion source with a duration of pulses of 100 microseconds and with a
frequency of 50 pulses/sec. In this case the plasma penetrated into the
plasma lens consisting of electrodes 6 and 7 through a hole in electrode
4. The plasma boundary was determined by two probes 2 and 3. Fig. 2

Card 1/4
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shows the depesndence of the amperage measured in the beam catcher on

the magnetic field strength produced by the solenoid. With an intensifi-
cation of the magnetic field I decreases already with very weak magnetic
fields. Fielis with some dozens of oersteds arec already sufficient for i
a considerabla reduction of the ion current focused into the beam catcher.
The configuration of the boundary of the penetrating plasma is changed

as a result of its contraction and may impair the focusing properties of
the system. Also a weak magnetic field may disturb plasma focusing,
however, at 1laast two cases exist where the magnetic field improves the
focusing of the ions: 1) Focusing with lacking magnetic field under ex-
clusive action of an electric field. 2) If the magnetic field in the
discharge chamber of the source considerably penetrates into the region
of the plasma to be studied. In the last chapter the author :escribes a
ring-shaped plasmna source. The following problem is dealt with: Let us
replace the sole opening with its center on the axis of the source by
several openings which lie on a concentric circle. Is the intensity of
the plasma near the axis of the lens weakened and is the concentration
thus distribuzed over the plasma surface? In what manner is the quality

bie 1Y it PSRN FS
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of plasma focusing affacted? For this purpose the central opening was
replaced by 6 openings lying on a circle.with a radius of 1)mm; the ion
source, however, remained the same. In the.case of the holes circularly
arranged the density of the ion current was considerably low§r than with
one central opening (in the cases studied here Jp = 65 ma/cm® and

= 440 ma/cmz). In the case of circularly arranged holes more than 70 %

J

og the total ion flux could be focused into the beam catcher. With the
concentrically oircularly arranged holes the configuration of the plasma
boundary is much more concave than in the case of a single central opening.
Also in this case the magnetic field impairs the focusing of the plasma
since the plasna is contracted and a projection is formed on the concave
boundary of the plasma. The authors conclude that the best results can
be obtained by passing the plasma through openings which are at a certain
distance from the axis of the source. In some cases such systems are less
sensitive to the effect of magnetic fields. There are 12 figures and

3 Soviet-bloc references

ASSOCIATION: Institut fiziki AN USSR, Kiyev (Institute of Physics
AS UkrSSR, Kiyev) '
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AITHORS - Gabcviah. Mo D, and itropan, I. M.
R

TIVLE- Chearration ~f bydrozaknetic cscillaricns in *the plasma of
an alacrrede.iaza pilsed diacharge

YERTODICAL:  Zhurnal tekhnizheakey fiziki. v. %', no. 6, 1961, £76-679

TEXT: The radial 2aciliartions cf 9 plasmn r~onnecred with *he snnular
imrert formad in an olactroda.lazs pulsed discharge were investigated in
varicuz rapare, e:vesially bty G, B, F. Hiblett, T, 3, Sreen {Ref. 3: Proc.
Phya. Secc. T4, 727, *239). Harve. *he resaits of :cve axperiments are
orn4en?;! Mho ejsstreie-less pul2ed discharge was =xcited in s quartz or
dginss “ube o¥ A5 pp Yramerter, aurrcundaed by twe paraliel-sonnected copper
snii3 Wy ard Wy wrthoane winding each (Fig., 1), & pattary of 10-uf
2aPAsitara :hur ag *c 0 kv owa3 diascharged inta *te 2irs21r ~onsisting of
*ha aaid <17z cbke Cead eirves, ard the dischargar.  The industancza of the
ivpant ccrenitowac 0L piarchecry eo tbat rhe current castilaticn period
was oabat bhoaer, Tha was was vroviensely lonized wy a high-{r-2quency
Yiacharge., Tha cerl K onissad in the qua-tz *aba servad a3 a magnetic
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ecotel ant permittod fhe Cru T sirecorh cn the axia of the systenm ‘o be
TeaT v Tne= Besrvakly »alcs v, oard boinside glsen cubaz permitted an

Ahaaprraticon o] mesaurcnest o the annmlar surrento in she zaa in two
varts of rhe tabke Cor *ne ws1Doand nr o the axia'. as well ac an estimation
f madial ~ptfr= o sf smae tuprent ring. Thosze haite could be replaced by
cma palt who -k ogegsuare? raa retal annular surreant Srocre gas,  Another
boit aapved for measuv:ir~g tha curraent in the acppar wlndlﬁg. The cireuits
SF the pawnetts pe-ba gel o Af the ha'ta cantainad {ntogratirg RC eolements.
ke dattar wars -henan 0 1t ‘e ohaerve, on the sacillgicope scraen. *he
ancaraget and aseetio S1e'da, and act thair darirstivaa,  The raaulting
TEtilicaraps fhow o ckat tpe plaspa forred in the di3crarge (discharge in
hydrogan at a pressure P-=0.1'2 mm Hg) influences the strength of the
magnetic fiald con3siderably. At first, the magnetic field easily enters
the plaswa. A1 tnereasierg phase shift ocsurs betweon the two above-
menticned quantities with tranaitien from +ha sasond to tre third half-
~ycle, A* the besipnire of the third nalf.crele, the fiald on the plasma
Axia has a diraction oppenite te cha outer field., n *the firat guarter

»f *he thiprd half-cysla. *he atreng*h cf this phare-.-saifted field increases
s rongly. This mav ba assumed te ba due to the farnution of a curront

Card 2/5

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000513920017-3"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000513920017-3
T Tt T T T SeTenami s e monTmo s s s - . ,_.‘,,:,"__

23722

s/657/61/031/006/006/019
Observation of hydromagnetic ... B116/B203%

ring, its motion toward the center, and the pinch of the magnatiec flux
"frozen" in the plasma. 1In such a pinch of the magnetic flux, the
formation of rauadial oscillations of the plasma connected with the current
ring may be exjected. Tnis is confirmed by data obtained with belts by
and P,. The oscillograms obtained with the cuter belr Fy show that the
increase in stiength of the magnetic field is preceded by *the formation of
a plasma ring of some dozen ka near the wall. The cscillograms recorded
by P1 and P2 shew a shift of the plasma ring form=3 on the wall teoward the

axis. The radial csciliaticns of the plasma are chierved after deformation
of the current ving. This is shown by the oscillaticn »f surrents and

tie fluctuations ir strength of the magnetis fiald eobserved a: the
beginning of *he 1increase of the "frozen" magr=ti-. fieli; a* *hat time,
tha plasma layer connec*ad with the curvant ring is near *he niddle of

the *tube radius. After a few oscillations, the piisms ring may shift
toward the ftube center because of the weakening of *he magnetic field.

The plasma ring is shifted toward the tube cen‘er xnen -he current in the
copper windings appreoaches its maximum, whereupon tra zurvent ring de-
composes, the ceonductivity of the plasma decreases, and tne outer field

Card 3/5
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enters the whole plasma. Here., a sudden change of the field (negative to
positive)} is ohbserved. 1t is o characteristic faa-ura that the
oscillations of the plasma ring occur during the pinch of *he magnetic
field oppecsite to the outer field, i.e,. of the field, the lines of
which are cennected with the inner currents in the plasma, and not with
the current in the cuter winding. It is shown that the cbserved period
of osciilations coincides. as to the crder of magnitud=., wi*h the period
expected accerding to the approximation of Ref.. 3. It is pointed out
that in the cage of a heavy gas of the same préssure, the oscillation
period is largar, which is also confirmed by ‘the csci.lograms obtained
(hydrogen was replaced by krypton). The increase of the negative field
observed in the discharge in hydrogen e2ad the cscillations of the plasma
ring were not observed in the discharge in krypton, as had been expeoted.
The present paper wan read at the Vtoroye soveshohaniye po taoreticheskoy
i prikladnoy megniinoy gidrodinamike (Second Conference on Theoretical
and Applied lagnetohydrodynamics) in Riga on June 30, 1960, There are

7 figures and % references. 4 Soviet-bloc and 1 nen-Soviet-bloc.

Card 4/5

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000513920017-3"



"APPROVED FOR RELEASE: 03/13/2001

WL T N B,

CIA-RDP86-00513R000513920017-3

e e Ve A Y AT e e Snbom et e s e e

\oxri L5000 S0

23722

$/057/61/031/006/066/019
Observation of hydromagnetic ... B116/B203

ASSOCIATION: Institut fiziki AN USSR Kiyev (Institute of Physics of the
: AS UkrSSR Kiyev)

SUBWITTED: July 25, 1960
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AUTHORS : Gabovich, M. D., Pasechnik, L. L., and Lozovaya, Ye. A.

TITLE; Discharge of a plasma with high concentration of charged
particles into a vacuum

PERIODICAL: Zhurnal tekhnioheskoy fiziki, v. 31, no. 9, 1961, 1049-1056

TEXT: The authors studied, by a probing method, the spatial distribution
of the parameters of a hygrogen plasma with high concentration of charged
particles (about 1015 om=?). The plasma was produced by & pulsed
discharge, the amplitude of the discharge current being about 50 ka. The
oscillation period was about 25 psec, the battery of condensers had 90 puf
capacity, and was charged to 3 kv. The most important parts of the
experimental arrangement were the plasma source (discharge space with

3 electrodes) and the empty space beyond the hole in the lowest electrode
(cf. Pig. 1), where one or two probes coulgzbe shifted. All measurements
were made at 8 hydrogen pressure of 5.6°10 ° mm Hg in the source, and

about 10'5 mm Hg outside the source. In all cases the oscillograms of

Card 1/6
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the probe ourrent were recorded together with those of the disocharge
ourrent. Some peculiarities turned up in the transition from ionic to
eleotronic current; in partioular, a strong modulation of the electronic
current took place. Such a modulation was observed when the probe
exhibited a small positive potential with respeot to electrode 2 (Fig. 1).
Further, it was remarkable that the ionic ocurrent peak agreed almost
exactly in time with the discharge ourrent peak, while the electronic
current peak was considerably shiftedagainst the discharge current. This
is explained by the fact that the probe current depends not only on the
plasma concentration but also on the potential in the probe space at the
given instant. After determining the probe characteristics, the authors
determined the diatributions of concentrations of charged particles, of
electron gas temperature, and of the space potential. Fig. 9 shows
examples of radial distribution of the probe current for distances of the
probe from electrode 2 of 5, 10, and 20 mm. Results reveal that the
axial distribution of parameters is the same as in plasma with low
concentration of charged particles. The temperature gradient is here
lower than in plasma with low concentration of charged particles. In the

Card 2/6
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anode cavity, the temperature of the electron gas (about 50,000°K) is
lower than in the cathode cavity (130,000~70,000°K). There are 9 figures
and 8 referenzes: 6 Soviet and ! non-Soviet. The reference tc the
English-language publication reads as follows: The Characteristics of
electrical discharges in magnetic fields. Edited by A. Guthrie and

R. K. Walkeriag, N. Y., 1949.

ASSOCIATION: Institut fiziki AN USSR Kiyev (Physics Institute,
AS UkrSSR, Kiyev)

SUBMITTED: August 1, 1960

Fig. 1. Diagram of the experimental arrangement. Legend: 1,2, and 3
are electrodes; 4 is the outlet of the plasma source ( 3 mm diameter);
S5 is the discharger; 7 and 8 are the probes; co is the capacity for

maintaining the probe potentialj; (A) is an amplifier, (B) an oscilloscope.

Fig. 9. Spatial distribution of the plasma parameters. Legend: (a)
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GABOVICH, M.D. [Habovych, M.D.]; YAZEVA, V.G, [IAzieve, V.H.]

Correlation of low-frequency and high~frequency oscillations induced in
a plasma by an electron beam, Ukr, fiz, zhur. 7 no.9:1015-1020 3 '62,
(MIRA 15312)

1. Institut fizikd AN Ukr8SR, Kiyev.
(Plasma oscillations) (Rlectron beams)
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AUTHORS: Gabovich, M. D., and Kirichenko, G. S.

e

TITLE: The oscillation of iona in the region of the potential
minimum and the low frequency oscillations in a gas
diacharge

PERIODICAL: zZhurnal tekhnicheskoy fiziki, v. 32, no. 11, 1962, 1376-1381

TEXT: The oscillation properties of a vacuum diode having very low cesium
vapor pressure and those of a mercury vapor diode, are investigated using

an experimental arrangement as shown in Fig. 1. The positive ions of

cegium produced by thermal ionization move to and fpo between the cathode

and a point of reversal which depends on the anode potential. If the /
potential minimum (ethka) ig deep, the motion of the ion is determined

not by its thermal velocity but by the electric field. The frequency

of oscillations is calculated for pressure so low that the space charge
of the cesium ions does not affect the motion of the ions. Application
of Langmuir's relations (Phya. Rev., 21, 419, 1923) to the dimensions of
the po;entia.l well leads to the following formula for the frequency of
Card 1/4
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the flight ion oscillations:

f= R —"—""‘"‘—j'l"
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Here TL, E* and %_ are dimensionless parameters tabulated by Langmuir, =

is the electron mass, M the ion mass, and J the density of the electron

current. The frequency is found to be proportional to 31/2 (Fig. 2). The
oscillations are independent of the parameters of the external current
circuit, are sinusoidal, and have constant frequency and amplitude modula-

tion.

The excitation of the oscillationsg is explained as follows:

In the

region of the potential well an oscillating electric field exigts which

modulates the ion velocity and consequently the ion current.

This causges

the depth of the potential well to pulsate and the anode curreat to

oscillate.

If the cathode is incandescent, have to traverse a double

layer the positive ions in the plasma of a gas discharge to reach it.

This double layer lies near the cathode.

Ingide the double layer there

exists a potential minimum, the depth and dimensionas of which can be

Card 2/4
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determined from the anode current and the saturation current of the
cathode in the same way as for the vacuum diode provided that the
positive space charge is negligible. The flight-oscillations of the
positive iors that occur under these conditions are the main cause of
low frequency oscillations appearing in discharges with incandescent
cathodes. There are 6 figures. ’ -

ASSOCIATION: 1Institut fiziki AN USSR, Kiyév (Institute of Physics
AS UkrSSR, Kiyev)

SUBMITTED: October 5, 1961 . b*/

Fig. 1. Blcck scheme. Legend: (1) commutator of the filament current,
(2) electronic commutator, (3) superheterodyne, (4) osecillograph, °
(5) 3HO -1 (ENO-1) oscillograph, (6) broad band amplifier, (7) cathode
follower, (&) OK=-17 (OK-17) oscillograph, (9) amplifier.

Fig. 2. Dependence of the frequency on 'Y3 for different filament
currents. legend: (1) 13.0 a, (2) 12.2 a, (3) 12.0 a, (4) 11.25 a.
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2¢ 252/ B104/B102 '
9¢. 23/ ;
' AUTHORS ¢ Gabovich, M. D.\Kirichenko, G. S. 77
e
TITLE: The excitation of oscillations on the passage of a-beam of
glow ions through a plasma '
PERIODICALS Zhurnal.eksperimehtal'noy i teoreticheskoy fiziki, v. 42,

nO' 6' 1962| 1478 - 1480

TEAT: A discharge was produced in cesium vapor (® 10”7 @m Hg) between the
cathode and the anode (Fig. 1)- The.plasma of this discharge penetrated

the side branch with probes, 32, 31. and 3. The probes 31 and 32 are

placed at distances of 9 and 15 pm from the probe 3« A positive potentisal
relative to the plasma was applied to 3, At high temperatures of 3, /
_cesium ions were produced by surface ionization.' Owing to the potential
difference these ions fell into the plasma as 8 straight line beam. In
agreement with the theory, l1ow frequency oscillations were excited on the
passage of slow ions through the plasma. The low frequency oscilldtions

made their appearance at those temperatures of 3 at which cesium ions were
produced. The frequency of the oscillations 1ies in the region of the
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ACCESSION NR: AT4025320

© 8/0000/63/000/000/0283/0291 |

AUTHORS' \GabOViCh"Mo Do’ KiriChenkO, G. 8-) Koydan‘ V. 8.

TITLE: Excitation of plasma oscillations by an ion beam, and the
possibility of determining the electron .temperature

SOURCE: Diagnostika plazmy* (Plasma diagnostics); sb. statey.
Moscow, Gosatomizdat, 1963, 283-291

TOPIC TAGS: plasma oscillation, ion beam, plasma ion oscillation,
plasma electron temperature, plasma interaction, drift, standing °
wave

ABSTRACT: Continuing their earlier investigations ("Zh. eksperim.

i teor. fiz." v. 42, 1478, 1962; Ukr. fiz. zh., in press), the
authors describe apparatus aimed at checking the influence of elec~ .
tron drift in a direction opposite to the ion beam on the stability

of the oscillations produced when an ion beam passes through a plas=- |~

3

S, £
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ma. The apparatus and its operation are briefly described. It is
reported that, unlike the earlier experiments, oscillations with
noticeable amplitude were excited also in the absence of drift cur-
rent. The properties of these oscillations are described briefly.
In the presence of backward drift, a new type of more intense oscil-
lation with a rather narrow frequency spectrum was also observed.
It is concluded that the backward electron drift leads to establish-
ment of a standing wave, to a considerable increase in the oscilla-
tions, and to a narrowing down of the frequency range. The ion
threshold energy at which the excitation of these oscillations ter-
minates is proportional to the electron temperature. This is in
qualitative agreement with the theory and gives grounds for assuming
that a new method will be developed for determining electron tempera=-
ture. It ls proposed in the future to broaden the range of electron |—
temperatures of the investigated plasmas and also to carry out a
rigorous quantitative determination of the threshold energy. Orig.
art. has: 7 figures. ‘
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ASSOCIATION: -None

SUBMITTED: 190ct63 DATE ACQ: '16Apré4 = ENCL: 00
sup CODE: ME ' NR REF 80V: .003 . " oTHERs 000
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,PLASMA ION SOURCES AND ION-BEAM FORMATION (USSR)

; , : . \BA :
B¢ Gabovich M, D, Pribory i tekhnika cksperimenta, no, 2, Mar-Apr 1963,
5-19, ' e $/120/63/000/002/001/041

. A detailed review of the state of research and development of 1) ion extraction |
from plasma ion sources and 2) primary formation of ion beams is given, based

B8 | . on 59 articles (27 Soviet) published up to October 1962, The conditions of three

methods of ion axtraction are described: 1) the emissive surface of the plasma
is flat, within the ion source, and close to the outlet uperture; 2) the emissive

surface is concuve,. within the ion source, and much larger than the cross sec- .

tion of the vutlet channel carrying the focused ion bean; and 3) the plasma ex-

teidds beyond the ion source and forms a well-developed emissive surface ahead .

| - of the focusing lens. Each type is subjected to a broad analysis and interpreta-
tion of its potentialities, ' . : (VG]

RPIYS ERENEEE I ANTERAA
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"AUTHORS: . Habovgch, M. D., Lozova, 0. 0. and Romanyuk, L. I.

- TITIE: Possibility of loéation of the boundary of penetrating
: 4 . plasma by a beam of charged particles ‘ .

. PERIODICAL: Ukrayins'kyy fizychnyy zhurnal, v. 8, no. 1, 1963,

"TEXT: 1If a beam of electrons passing through plasma and falling
ron a fluorescent screen is displaced away from the ion source, the
bright spot on the screen will also be displaced in the same direc-—
.tion until the beam reaches the plasma boundary, and then in the
:opposite direction owing to the reflection of the beam at the boun~.
:dary. By varying the inclination of the beam .one can determine the
. position and the shape of the boundary. The authors describe an
.. experimental installation which they used for checking this me-
; thod. Data agree well with those obtained by the probe method if
 the potential is not too high. The error at high potentials is ex-
plained- by the fact that the boundary becomes convex, and use of

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000513920017-3"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R00951392(7)(7)7;[1: -

: DI /185 63/008/001/008/024
Possibility of location ... D234 D308

heavy nesative ions instead of electrons is suggested in this case.
- There are 3 figures.

"ASSOCIATION: Instytut fizyky AN URSR (Institute of Physics of the
AS UkrSSR), Kiev

SUBMITZED: August 3, 1962
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’”iﬁ_;AﬁTﬁons{j;V:L,jg)eébovicﬁ;”;’§D.;_and Kirichenko, G. S.
ljfjfiiTLE§f j”foT“

- Miéfow&ié?ééﬁérétion by electrons oscillating
~ in the potential well formed by positive space
,.charge;f Pl L ‘

' PERIODICAL: Ragioggghhika'i'elektronika, v. 8, no. 3, 1963,
T sa0-se2 s o -

. TDEXT: - A microwave generator is discussed, which consists of
"~ a:diode vith an ion current ‘limited by space charge; the fre-
“.." quency does not depend on the external circuit but depends qdﬁy,
- on the collector potential. 1In a hot-cathode diode with cesium

" . vapor, conditions can be created in which a potential well is

i 'formed near the cathode, and. cesium ions .oscillate in this .well,
"The frequency of oscillations depends on emitter temperature,
~electrode spacing, potential’ difference, and the mass of oscil~

P 1gting ions, TFrequency-vo;tage dependence is shown in a graph.
> §'LCardf1/2 j PR

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000513920017-3"



s/1oys3/ooa/oos/022/oz7 Rk
D308 | .

.- D271

n , _ cesium ions from the cathode are
“attracted towards it, Owing to the positive space charge limit-
:ing the carrent, a potential well is formed in which electrons
ﬁmay}oscillate;JvThe frequency is calculated as in the case of
“--iion.oscillation, except that electron mass is substituted for .
7 ion mass., The temperature: of the emitter must be such as to pro~:
v i -duce both ions and electrons, In an experimental diode with in.
“. ¢ directly heated tantalum emitter and cesium vapor, oscillations
vere dete¢ted in the range of 150 - 1000 Mc/s in a narrow tem—
- - perature range around 1900°K, ‘Frequency was found to be in good
Y agreement 'with the analytical value, VWide: frequency variations
(.o are possible, There is 1 .figure,

B sumurtmp: - August: 1341962

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R000513920017-3"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP»SS:(10513R000513920017-3

GABOVICTH ST, e
1 _ - W)= F D=3/AFW
L e st sy o,
‘ ACCESSION NR: AP3002115 | 8/0185/63/008 /006 [o624/06z7 P [

I AUTHOR Gab°‘1’é£ho M. D-..Kﬂr;*Chenko. G, S,
|

TITLE: Rolel>fthe velocity of ions during excitation of plasma ose tions by
! an ion bealno I)\ ?\ .

SOURCE: Ulcr_a:.ns"lqry fizyohnyy zhurnal, v, 8, no. 6, 1963, 62u-627

TOPIC TAGS: plasma osoillation + ion beam transmission, ion beam-plasma inter-
action, stability, ion beanm stability, plasma noise level, plasma excitation,

ABSTRACT: The purpose of this investigation was to verify the theory of stability
of a slow ion beam when the ion energy increases., Theory predicts the oriterion

for stability as
VWi, wy,\% )3
a> e ()T

Wna

' luhere V 1s the velooity of the bean lons, Cq the thermal speed of the elestron S,

ACurd_]t/,‘}
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i An experimonta), gotup was devised by which it was possible to control the ion .
;enorgy. Oscillations were measured by means of a probe’up to a frequency of 4,35
1 Mes at various values of delta V, the difference of potential between the emitter -
iand the anode., At delta V value less than 3.5 Volt ions can not reach the probe,
i‘and only a noise was registerod. At dolta V between 4,5 and 13.5 Volt the ion

j beam excited plasma, so that definite oscillation peaks were observed on the 5peca
i’tmm. As the baam energy increased the oscillation amplitude decreased, and at a
ivoltage exceeding 13.5 Volt it was impossible to observe oscillations because of

; the noise background. The oscillation amplitude and frequency are shown on fig, 3
| of enclosure 01 as functions of ivn energy E. The E values wore calculated from
delta V, the space potential and the contact potential difference between the probe
‘which 4s coated with a Cs film and the emitter which has no such coating., The
measured temperature T sub e reached about 20,000 X, The concentration of beam

j ions and plasma ions was about equal, The ion energy E was then at its highest

i value of about 6kT sub 6. And when this value was exceeded the system became
stable, The experiments substantiated the theory. The orig. art. hasy —
1 formula, and } figures, -
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Gabovich, Mark Davidovich

f'» ) jd
Plasma ion sourceé (Plazmennyye istochniki ionov), Kiev, Naukova dumka, 1964,
229 p. illua., biblio. (At head of title: Akademiya nauk Ukrainskoy SSR. Inati-
___tut fiziki) 2,800 copies printed.

TOPIC TAGS: plasma, ion, plasma oscillation, ionized plasma, plasma source, ion
source, hydrogen ion, ion beam, gas discharge

., PURFOSE ANL COVERAGE: This book 1s a survey of literature on gas discharge ion

. sources. Different types of plasma ion sources are examined: sources of atoaic
and molecular hydrogen ions and multiply charged ions, electrons and other
particles. This gtudy is aleo concerned with ion extraction and the primary
shaping of lon beaws. The yield of quasi-neutral ion flows in & vacuum and the
role ofoscillation properties of plasma are also considered. The book is intend~'
ed for scientifie, engineering, and technical personnel and studenta. -
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AUTHOR: Gabovich, M.D,; Romanyuk, L.I.; Lozovaya, Ye.A.
TITLE: Escape of plasma from an oscillating electron source into vacuum in the
presence of a magnetic field '

SQURCE: Zhurnal tekhnicheskoy 2izikt, v.34, no.3, 1964, 488-495

ODPIC TAGS: plusma, plasma source, oscillating electron plasma source, plasma in
magnetic field, probe measurements, thermal probes, plasma escape

ABSTRACT: The escape of a helium plasma from an oscillating electron source into
vacuum was investigated experimentally in the presence of a magnetic field. The
source employed a G-mm diameter indirectly heating cathode on the axis of a 3.cm
diameter cyiindrical anode. The reflecting electrode was located 6 cm from the ca-
thode, was kept at cathode potential, and had a 3-mm diameter opening for plasma es~
cape. The glass vacuum chamber was about 12 em in diameter and 27 cm long. Gas pres-
sures of 2 x 102 apnd 2 x 10-4 mm Hg were maintained in the source and the vacuum
chamber respectively. Anode potentials from 150 to 200 V were employed with dis-
charge currents from 1.0 to 1.5 A. The source and vacuum chamber were located in a
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uniform longitudinal magnetic field of 10CO Oe or less. The escaping plasma was in-
vestigated with probes of various types. In spite of the strong magnetic field, the
ion current in the escaping plasma was not confined to the axis of the chamber but
extended several centimeters from the axis. The ion current was due mostly to order-
ed motion, the current due to chaotic motion being very small. Most of the ions had
cnergles roughly equal to the cathode drop in the discharge. There was a small ad-
nixture of lower energy ions. The distribution of electrical potential in the es-
caping plasma was determined with the aid of two types of thermal probe. At a fixed -
distance from the source the potential, as a function of the radius, showed a mini=-
mum on the axis of the chamber and a maximum some millimeters off the axis. On the
axis the potential (with respect to the cathode and reflector) was large and posi-
tive near the source and fell rapidly to zero within a few centimeters. At the axis
of the chamber an irsulated probe assumed a large negative potential of several tens
of volts. This potential increased in‘absolute value (became more negative) as the
distance from the scurce was increased. When the probe was moved off the axis, the
potential first fell rapidly to zero and then became positive. This behavior is in-
terpreted as indicating the presence of a narrow beam of fast electrons produced by

interaction of the e¢lectron current with the plasma within the source. Orig.art.
has: 3 formulas and 7 figures.

.
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ACCESSION NR: AP4040299 . 8/0057/64/034/006/0993/0997

"AUTHOR: Gabovich, M.D.; Mitropan, I.M.
‘TITLE: Interaction of plasma streams mo@lng in opposite directions along the axis
of an induction pinch

SOURCE: Zhurnal tekhnicheskoy fiziki, v.34, no.6, 1964, 993-997
TOPIC TAGS: plasma, plasma containment, plasma stability, hydrogen plasma

ABSTRACT: The bchavior of an induction pinch in a hydrogen plasma was investigated.
The pinch was produced in a 6.4-cm-diameter glass tube by discharge of a 10-micro-
farnd capacitor bank, charged to about 25 kV, through two copper loops encircling
tho tube and located 8,4 cm apart. The period of this system was somecwhat greater
than 6 microsec. The magnetic ficld at the axis of the tubo was moasurcd with a
movable probe. When the hydrogen pressure was 0.1 mm g, the phenomena ohserved
were the same as previously described by the present authors (ZhTF 32,1371,1962).
“At a pressure of .06 mm Hg, the oscillogram from the magnetic probe was the same
as before,when tha probe was located beneath one of the copper loops, but it alter-
ed as the probe was moved toward the central plane between the two loops. In this
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central region the magnetic field showed two maxima and fell to zero between them.
This behavior is ascribed to an instability of the type discussed by W.E,Nixon, W,
F.Cummings, F.H.Coensgen,and A,E,Sherman (Phys.Rev,119,1457,1960) due to the inter-
mingling of two streams of plasma flowing in opposite directions toward the central
plane from the regions of high magnetic field beneath the loops. The experimont was
repeated with a constriction 1 cm in diameter and 3.5cm long in the discharge tube and a
_specially constructed differential flux meter entirely outside the tube. Similar re-’
8ults wero obtained. When one end of the constriction was closed with a glass atop- -
per, preventing flow of plasma toward tho central plane from one direction, the
diamagnetic effect disappeared. Orig.art.has: 5 figures.
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AUTHOR: Gabovich, M. D.; Kirfchenko, G. S. .
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TITLE: The threshcld energy of ions in two-beam {fonic instability

no. 4; 1964, 1594-1595

o

TOPIC TAGS: plasma, plasma 1nsta§_1ﬂ}_§.ﬂgy,’p1aama oscillation, fon
beam, electren temperx ature, plasma diagnostics

"\ ABSTR/CT: It is pointed out that relative motion of an fon beam and
! plasmc or plasma streams can be accompanied by two-beam ifonic insta-
bilits. Oscillations can be excited in passage throuph the plasma.
‘f The p:esent srticle describes experiments performed in order to de-

termire the thrashold energy of fons in two-~beam instability. Ion
beams with currsnts on the order of 1 mamp were passed through plas-

" ma fo-med in different gases, and nscillations excited by the beam at

‘. diffe:ent electron temperatures were observed, It was established
that “he dependance of the amplitude of the oscillations on the ener-
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. gy of the lons can be represented by a curve which contains a max~
 fmunm, It was found that in accordance with theoretical predictions,
g% the threshold energy of fons determined from the maxima as a function
[ : of the temperature of the ions is proportional to the electron tem=

f perature. . The frequency of oscillations was determined to be approx-
{ | imately proportional to the velocity of the ions, It is potfnted out
that the experiments indicate the possibility of using two-beam fonic
instability for thermalfzation of powerful ion beams in plasma with

. high electron tempervature and for plasma dliagnostics., Orig. art.

hast 1 figure.
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{ AUTHOR: Gggviéh,A#gJ Romanyuk, L.I./ Lozovaya, Yo.A. l;’bé,

- TITLE: Formation of a quasineutral beam of accelerated ions in the plasmsa lgsuing
-~ from an ion sourc';/}) . '

D [ S

. BOURCE: - Zhurnal-tykhni heakoy fizblcl, v.35, 10,1,-1965, M=100— "

. TOPIC TAGS: plasmi, ion beam, ion source, ion acceleration

| ABSTRACT': This piper reports a continuation of previous work of the authors (ZhTF
+ 34,488,1964) concerning: the reflex discharge ion source. The apparatus 13 similar
. to that described in the earlier paper, with such modifications as were required
. for the particular experiments performed. The apparatus was operated under a varl~'
; ety of conditions, the current-voltage characteristics were measured, and particu--
¢ lar attention was given to the potential gradient in the plasma beam issuing from
¢ the source. The principal conclusion is that the following conditions are requi-
. site for obtaining ions with energies corresponding to the cathode drop: the issu- |
§ ing plasma must contain an intense beam of primary electrons with appropriatas ve-
. locity distribution; the plasma must issue from the chamber into a region of suf-
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t ﬁciently high va«uum- ‘there must ba not positively charged alectrode outstde the

~discharge chamber that could remove electrons from the issuing plasma, Orig.art.

has- 6 figures. S .
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ORG: Institute of Physics, Academy of Seiences, Ukrainian SSR iInstitut fiziki K&
Akademii nauk Ukrainskoy SSR)

TITIE: Two-stream instebility in a system of interacting ion bLeams
SOURCE: Zh eksper i teor fiz, v. 50, no. 5, 1966, 1183-1186

TOPIC TAGS: plasma instability, ion beam, plesma beam interaction, plasma clectron
temperature, plasma oscillation, Doppler effect

ABSTRACT: This is & continuation of earlier work by the authors (ZhETF v. U7, 1594,
1964 and elsewhere) dealing with the interaction of an ion beam with a plasma.”” These
investigations have verified the basic theory of two-stream ion instability ‘and have
demonstrated the possibility of thermalization of an Intense ion beam in a plasma
characterized by a high electron tempersture. The present study is devoted to in-
stability of interpenetrating potassium ion beams with energies up to 4 xev in a
plasma formed by the ionization of & gus (krypton or neon) at a pressure 3 x 10-°

- ._lO"‘" mm Hg by these fast ions. It is shown that two-stream lon instability can
arise in such a system, which can be regarded as consisting of two ion beams moving
in'the same direction but with different velocities, if the energy difference in the
beams is smaller than some threshold value. For example, for ion beams with energies
of the order of several kev, with electron temperature of 1 ev, the threshold may be
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| geveral hundred volts. The oscillations predicted by the theory were actually ob-
served and their spectra determined and analyzed. The results show that the in-
stability leads to an effective exchange of energy between the beams and that the
energy exchange increases with increasing beam current. This points to the pos-
sibility of realizing effective energy exchange in unstable interpenetrating beams
with sufficiently large currents. The relation between the observed oscillations
and the velocity of the ion beams is also measured and a proportionality between
these two quantities was found, attributed to the Doppler effect observed in a co-
ordinate system connected with the stationary plasma. Orig. art. has: 6 figures
and 3 formulas.
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'TITLE: Interacticn of ion beams with a plasma .
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!
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|
[SOURCE: Al UkpSSR. Vzaimodeystviye puchkov zaryazhennykh chastits s plazmoy (Inter- !
laction of charged particle beams with plasma). Kiev, Naukova dumka, 1965, #4-51 ‘l
'TOPIC TAGS: plasma beam interaction, ion beam, cesium plasma, inert gas, gas density, !
\plasma electron temperature, standing wave 3
‘\ABSTRACT: The experimental parameters were chosen to satisfy the instability criteria :
,dex‘ived by Vedenov, et al (Ul’l\lI l%:_L_s 73, 701) using attesium ion beam with an energy "
of several ev. A plasma of 1010 em 3 particle density was produced in inert gas dis-
"charges. Beam density was of the same order of magnitude. The amplitude and frequen= :
ey of oscillations excited by jon beams was studied as a function of the electron tem-
perature, gas dersity and ion masS. It is shown that the peak amplitude of the frequen=
lcy spectrum can be explained by the theoretical ion beam energy at which stable ope- -
ration occurs. A8 magnetic field was increased (in a direction parallel to the beam),
there was a greai increase in noise which made the diagnostic measurement more diffi-
cult. However, It was possible to show that the excited oscillations have the same -
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Operatiea of retary cemtimueus diffusers, Sakh,prom.30 me,3:24=31
Nr '56, (MIRA 9:7)

1.Kirekiy sakhsvekletress (fer Gabevich).2,Sakharayy s
Kuybysheva (fer TSvetsiaskiy). nyy saved imeni
(Sugar machimery)
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A
st ¥ O e formance of rotary diffusers. Sakh. prom. 32 no.4:8-11 Ap 58,
(MIRA 11:6)

1,Upravleniye sakharnoy promyshlennosti Kurskogo sovnarkhoza,
(Diffusers)
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M.

el Modernizat fion of rotary diffusers. Sakh,prom. 32 no. 7:8-12
Jy 's8. ' (1IRA 11:8)

1. Uoravleniye sakharnoy promyshlemnosti Kurskogo sovnarkhora,
(Diffugers)
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GABOVICH, M.S.

Quality of brass tubes fer the surfaces of heat-exchange apparatus,
Sakh,prom. 32 mne.ll:33-34 N 1'58, (MIRA 11:12)

1.Upravleniye sakharney premyshlennesti Kurskoge sovnarkhoza.
(Heat exchangers) (Tubes, Cepper)
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GABOVICH, M. S.

Some defects of new diffusion batteries. Sakh, prom., 26, no. 3, 1952,
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Inc:reauing the capacity of heat exchangsrs. Sakh.prom, 27 no.8:34-35
Ag '53, (MLRA 6:8)

1, Kurskiy sakhavekletrest. {Sugar machinery)
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GABOVICH, M.S.

More attention to mew equipment. Sakh.prom. 3O no.4#:4-7 Ap 5k, ¢
(MLRA 9:8)

1. Kurskiy sakhsveklotrest.
(Sugar industry--Bquipeent and supplies)
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Concerning M.A.Miagkov's article on material and technical supply,
Sakh.prom. 29 no.l:5-6 '55¢ (MIRA 8:4)

1. EKurskiy sakhsveklotrest.
(Sugar industry—Equipment and supplies)
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Greater attention to modernization of equipment, Sakh.prom. 3
n0-336"8 "l‘ '57. : (HLRA 103“

1, Eurskiy sakhsveklotrest,
(Sugar industry--Equipment and supplies)
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ing the pages of the plan of the State Yood Industry Publilh":“»
ing House for Technology and Economics. Sakh. prom, 31 no.5:7S

My '57. (MIRA 10:6)
(Sugar industry--Handbooks, manuals, stc, )
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MOSEALENKO, S.I.; GABOVICH, M,8,: BACHINSKIY, Tu.V.; TOMILIN, A.V.;
MEDVEDEV, P.M.; LOMANOVA, M.M.; GOLOVEOV, P.D.; GAYDUKOV, G.I.;
ALEYNIKOV, V.V.; STENIN, N.D.; MIRONOVA, V.V.; BELAVINTSEVA,
Ye.S.; TSVETSINSKIY, S,U.; NECHEPURNYY, P.; KOBZaR', N.K.;
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Gabovieh, R, B, "Fluorine in the drinking water of the Ukraire and its hygienic
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"Tho Fluorine Content in Drinking Water in-the
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Fluorine content in Ukrainian water sources -
varies from a mere trace to over one mg/l. Mass
inspection of drinking water has already made 1t
posaible to study the relation between flucrine
concentration and pitted enamel and caries.in .
teoth in addition to other ailments. This work

;. should be pramoted by hygienists. ‘
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